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1.  Use Laplace’s asymptotic approximation to derive Stirling’s formula for the Gamma function,  
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for large λ>0. [Hint: Consider scaling the integration variable].  
Noting that ( 1) !, ,N N N +Γ + = ∀ ∈Z  plot the ratio of the approximation to the exact value for  
N = 1, 2, …, 10  to examine the rate of convergence to 1. 
 
 

2.  Consider the stochastic system model M for the automobile that was given in class. The 
supplied (synthetic) input-output data DN ˆ ˆ{ , }N N= U Y  consist of 10 seconds of the vertical 

acceleration ˆ NY  measured inside the automobile going 100 km/hr along a straight road 

whose surface profile ˆ NU  is also measured as a function of time. The input at t = 0 is zero. 
The sampling time step is the same as in Homework Assignment 2, i.e. 0.0086tΔ = s. 

 
(a) Based on the data DN, find the maximum likelihood model given by MLEθ  
corresponding to the auto body mass Ms fixed at its nominal value (1160 kg), and the 
maximum a posteriori model given by the model parameters MAPθ . Present your values of 

MLEθ  and MAPθ .  
 
(b) For each of these two optimal models, use Laplace’s asymptotic approximation with 
respect to θ, along with MCS for the stochastic variables defining the input and 
prediction errors, to calculate an estimate of the posterior robust probability of failure, 
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for the same situation as described in Homework Assignment 2 where you calculated an 
estimate of the  prior robust probability of failure, ˆ ( )FP b . Plot your estimates *

10
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for both MLEθ  and MAPθ  along with your previous MCS estimate for 10
ˆlog ( )FP b  over a 

range of b so that each curve stops when the failure probability estimate reaches 0.01.  
 
Notes: 
1) You can assume when calculating the failure probabilities that the automobile is 
initially at rest vertically (e.g. it is initially speeding along a perfectly smooth road) 
before it hits the rough road defined by the stochastic input model U specified in 
Homework Assignment 2.  

 
2) Attach the MATLAB code that you used to generate your results. 


